Abstract: Diatoms from the surface sediments of 61 lakes on Baffin Island, Nunavut, were identified, enumerated, and interpreted quantitatively. The samples span a latitudinal transect from 62 to 74°N, reflecting climatic and vegetational gradients that range from low Arctic to transitional mid-Arctic to high Arctic. While the sampled lakes encompass both predominantly maritime and continental climatic regimes, sites have been deliberately restricted to basins in Precambrian crystalline terrain to mitigate the edaphic consequences of alkaline sedimentary bedrock. Canonical correspondence analysis, using forward selection and Monte Carlo permutation tests, identified pH, conductivity, summer lake water temperature, and mean annual air temperature as significant environmental controls over diatom assemblages. Using weighted-averaging regression and calibration, predictive models for these parameters have been developed. When applied to down-core assemblages, the summer lake water temperature model provides realistic reconstructions when compared with other paleoenvironmental records. Over the past 5000 years, the amplitude of reconstructed summer lake water temperature is on the order of 4.0°C, expressed primarily as progressive Neoglacial cooling culminating in the Little Ice Age. Diatom-inferred summer water temperatures have increased by 2.0°C in the past 150 years, again in agreement with independent paleoclimatic reconstructions.
Introduction
The Canadian Arctic Archipelago, of which Baffin Island represents the largest landmass (507 450 km 2 ), is highly susceptible to climatic variability on interannual to millennial timescales (Overpeck et al. 1997) . Within the global climate system, the importance of the Arctic lies with its intimate linkages to ocean circulation, atmospheric feedbacks involving snow and ice cover, and biospheric modulation of greenhouse gas concentrations. The understanding of past climate trends in the Arctic serves as an important component of the ability to predict future changes, which will likely manifest themselves as complex synergisms between anthropogenic forcing and natural variability. At the same time, due to a sparse human population, Arctic ecosystems are as close to pristine as anywhere on earth.
Lake sediments are attractive repositories for paleoclimate proxy data because they are temporally continuous, undisturbed, and datable. Furthermore, lakes are ubiquitous throughout most of the Arctic, enabling relatively dense spatial coverage of sampling sites. Although the pollen record from Baffin Island sediments has provided useful paleoenvironmental inferences (Andrews et al. 1981) , low pollen production by local plants, frequently coupled to overrepresentation by extraregional pollen, hampers direct interpretations in terms of regional vegetational and paleoclimatic history. In contrast, diatoms have greatly simplified depositional trajectories to lake sediments, where their siliceous microfossils are generally very abundant (e.g., >10
6 valves·cm 3 sediment -1 ), well preserved, and identifiable. In an evolving body of literature, inference models have been developed for the use of diatoms as quantitative paleoclimatic indicators (Pienitz et al. 1995; Weckström et al. 1997; Rosén et al. 2000) . Although the exact ecophysiological relationships between diatom communities and temperature remain uncertain, if they exist at all, it is likely that the success of these approaches relies on the indirect linkages between climate and limnological parameters that control algal populations (Smol 1988) .
Given the size of Baffin Island and the range of aquatic habitats present, diatoms have historically received relatively little attention (Ross 1947; Moore 1975) . More recently, diatoms have been applied to a multitude of paleoenvironmental questions (Wolfe 1996a (Wolfe , 1996b . However, these studies have been limited by the absence of a regional training set to enable quantitative paleoenvironmental inferences. The training set ideally represents a network of modern samples and associated environmental data that encompass the full breadth of floristic variability encountered in the fossil diatom record and, by association, of past environmental conditions. This inferential tool and an example of its application are provided by this study. Ordination, regression, and calibration of diatom assemblages from 61 Baffin Island lakes indicate that limnological (pH and conductivity) and climatic (summer water and mean annual temperatures) parameters exert significant influences on floristic composition and therefore can be reconstructed from the fossil record of this region. These data have implications for both the ecology of Arctic freshwater diatom communities and the reconstruction of regional paleoclimatic conditions.
Regional background and study sites
Baffin Island occupies the southeastern Canadian Arctic Archipelago between 62 and 74°N ( Fig. 1) . As the northeastern margin of the Canadian Shield, bedrock geology is primarily Precambrian granite, gneiss, and quartz monzonite, although Paleozoic carbonates comprise much of the western lowlands surrounding Foxe Basin (Jackson and Taylor 1972) . The climate of Baffin Island is controlled by a trough in circumpolar westerly flow (the Baffin Trough) as well as by heat transport from the North Atlantic via the Labrador Sea and Baffin Bay (Keen 1980) . As a consequence, precipitation decreases sharply from the maritime east coast to the more continental western portion of the island (Fig. 2a) . In contrast, the temperature gradient is roughly latitudinal (Fig. 2b) . The vegetation of Baffin Island is classified into three broad zones ( Fig. 1 ): low Arctic in the south (dwarf shrub sedge -moss -lichen), transitional mid-Arctic (stony heath sedge -moss -lichen), and high Arctic (rock desert) in the north (Porsild 1964) .
Lakes selected for this study are situated exclusively on crystalline terrains and thus are not influenced by carbonates, which translate to elevated lake water pH. This sampling design deliberately aims to maximize the climatic gradient reflected in the sediments by minimizing contrasting edaphic gradients created by the higher pH of carbonatebasin lakes in the western part of the region. The lakes are distributed across the climatic gradients of precipitation and temperature and distributed in each of the three major vegetation zones (Fig. 1) . In order to eliminate the potential impact of lake ice on the integrity of bottom sediments, lakes with a maximum water depth <3 m were eliminated from the data set. The selected lakes are therefore morphometrically comparable with those chosen for coring and paleoenvironmental reconstructions. This is an important consideration in the attempt to provide adequate modern biological analogs for past conditions as reflected by core assemblages.
Materials and methods

Modern sediment sample collection and preparation
During three successive summer field seasons (between late July and mid-August of 1994, 1995, and 1996) , surface sediment and water samples were collected from Baffin Island lakes during helicopter surveys. All sampling was performed from an inflatable boat. At each lake, the deepest point was identified with a digital depth finder. From this location, sediment monoliths preserving the mud-water interface intact were collected with a miniature Ekman dredge. From the dredge material, the top 1.0 cm was carefully removed with a spatula and stored at 4°C until analysis. Lyophilized subsamples (0.10-0.20 g dry mass) were prepared for diatom analysis by oxidation in 30% H 2 O 2 (30 min) and thereafter boiled in concentrated (93%) HNO 3 . Once cooled, samples were centrifuged, washed, and rinsed with deionized water at least four times and then diluted to a volume of 10 mL. Aliquots of 0.20 mL were removed from this slurry, diluted by a factor of 50, and homogenized with a vortex agitator. Drops of this second slurry were pipetted onto coverslips, evaporated at room temperature, and mounted permanently to slides with Naphrax ® medium. From each slide, 400-500 diatom valves were identified and enumerated along random transects including coverslip edges at 1000× under oil immersion objectives on an Olympus Vanox ® microscope equipped with Hoffman modulation optics. Once tallied, raw counts were converted to relative frequencies, that is, the proportion of individual taxa relative to the total diatom count in the sample, expressed as a percentage. All numerical analyses were preformed on the relative frequency data. Principal taxonomic references for diatom identification include Reimer (1966, 1975) , Foged (1981) , and Krammer and Lange-Bertalot (1986-1991) . The names of several genera, particularly within Navicula and Fragilaria sensu lato, have been revised according to the proposals of Round et al. (1990) . A complete voucher set of slides has been permanently deposited in the diatom herbarium at the Canadian Museum of Nature, Ottawa, Ont.
Environmental data
Several limnological measurements were made in the field with sensors deployed on a SeaCat ® profiler: conductivity, water temperature, maximum water depth (measured as pressure), and transmissivity (25-cm light path at 660 nm). Because of the extremely low ionic strength of the sampled waters, field pH measurements were deemed unreliable due to insufficient time for adequate electrode equilibration during SeaCat casts. Therefore, the pH data used here are from subsequent laboratory measurements. For conductivity, the upper 2 m of casts were averaged to provide a representative epilimnetic value, thus avoiding the potential influence of seasonal solute concentration in the hypolimnion. Downcast averages of the whole water column were used for both transmissivity and water temperature. In the case of water temperature, this approach was used for three reasons: (i) to minimize time of day sampling artifacts, (ii) to integrate whole-lake thermal inertia and minimize time of season differences, and (iii) to capture deepwater environments inhabited by many of the benthic diatom taxa.
Sampling position (latitude and longitude) and altitude were determined from the helicopter's global positioning system receiver and altimeter (±5 m), respectively. Lake surface and watershed areas were determined from areal photographs (1 : 60 000) and topographic maps (1 : 50 000) using either a planimeter or digital image analysis. The climatic data (Fig. 2 ) are based on a 25-km gridded climatology for North America (Thompson et al. 1999) . Mean annual air temperature, mean January air temperature, mean July air temperature, annual precipitation, January precipitation, and July precipitation were calculated for each of the 61 sites by averaging the four nearest-neighbor grid points of the 25-km grid. Given the remoteness of Baffin Island and the overall paucity of both limnological and climatic data for the entire region, the raw environmental data are reported in their entirety (Appendix).
Fossil samples
The performance of the summer water temperature inference model was tested on fossil assemblages from a short core (34.5 cm) from Fog Lake (67°11¢N, 63°15¢ W) on northern Cumberland Peninsula. This lake, described in detail elsewhere (Wolfe (Porsild 1964) , as is the location of Fog Lake, the site used to test the summer water temperature inference model on down-core assemblages.
et al. 2000) , lies approximately midway on the latitudinal transect of the training set sites (Fig. 1) . This implies that the range of past environmental conditions at Fog Lake have realistic analogs from within the 61-lake modern training set. The core was collected in 1997 with a modified K-B gravity corer (Glew 1989 ) and subsampled into continuous 0.5-cm increments in the field. Diatoms were prepared and counted from each interval in the same way as the modern samples. The core's chronology is based on five accelerator mass spectrometry (AMS) 14 C dates from sediment humic acids extracted according to Abbott and Stafford (1996) . The humic acid 14 C ages were corrected by adding 300 years to account for the average lag associated with the sequestration of terrestrial dissolved organic carbon to lake sediments (Miller et al. 1999 ) and then calibrated to calendar years before present using the CALIB software package (Stuiver and Reimer 1993) .
Numerical techniques
Three ordination techniques were employed, first to explore the structure of the environmental and biological data sets taken independently and thereafter to evaluate the diatom data when constrained to the environmental data. Generally speaking, ordination is a family of multivariate techniques that reduce the dimensionality of complex data to a few interpretable gradients (or axes) that constitute synthetic variables accounting for the major patterns of variation within the data (ter Braak 1987). Ordinations were implemented with the software CANOCO 3.11 (ter Braak 1988 (ter Braak -1992 . Principal components analysis (PCA) was used to identify and summarize patterns within the environmental data. PCA is a linear indirect ordination technique that gives a lowdimensional representation of multivariate data, which can be examined visually to identify structure. PCA, using a centered correlation matrix, is appropriate for interval data and relatively short gradients, such as the various environmental variables available for each of the 61 sites considered here. Detrended correspondence analysis (DCA) (Hill and Gauch 1980) was used as a diagnostic tool to evaluate the length of gradients expressed by the diatom data and to summarize major patterns of variation within the diatom assemblage data. DCA is a unimodal method of indirect ordination that reports gradient lengths in standard deviation units and is particularly useful for determining whether linear or unimodal techniques are most appropriate for the data under consideration (ter Braak and Prentice 1988). Finally, canonical correspondence analysis (CCA) (ter Braak 1986), a direct (or constrained) unimodal ordination technique, was applied to the combined environmental and diatom data sets in order to evaluate the former's performance as a predictor of the biological response reflected by diatom taxonomic assemblages. The axes in CCA ordination are constructed as linear combinations of the environmental variables (ter Braak 1987). CCA can thus be used to identify the environmental parameters that directly account for significant and independent variations in the species data. Forward selection of individual environmental variables, followed by Monte Carlo permutation tests (999 permutations), was used to assess the statistical significance of specific environmental variables over diatom assemblage composition (Hall and Smol 1992; Pienitz et al. 1995) .
Diatom-based inference models were developed for each of the significant environmental variables using weighted-averaging (WA) regression and calibration. WA assumes that a given diatom taxon is most abundant in lakes where a significant environmental parameter is at, or near, this taxon's ecological optimum. With this assumption, WA uses the weighted abundances of taxa throughout the modern training set to determine each taxon's optimum and tolerance by regressing taxon relative frequencies with regards to the environmental data (Birks 1995) . Once optima and tolerances for all taxa are defined, environmental inferences can be predicted from diatom assemblages (calibration), whether a corresponding series of environmental measurements exists (the modern training set samples) or not (fossil samples). In WA, averages are taken twice, once during the regression step and again during calibration. This causes an artifact within diatom-inferred values referred to as shrinkage, which can be corrected by either classical or inverse deshrinking methods (Birks 1995) . Although inverse deshrinking generally produces lower root mean square errors (RMSE) of prediction, it typically underestimates values at the high end of a parameter's range and overestimates values at the gradient's low end (Pienitz et al. 1995) . Classical deshrinking, despite generally resulting in higher apparent RMSE, does not produce the trends in residuals produced by inverse deshrinking and therefore was considered more reliable for the present study. All WA calibration calculations were performed using WACALIB 3.3 (Line et al. 1994 ). This program also calculates bootstrapped RMSE estimates, provided by a computationally intensive resampling procedure in which a new training set equal in size to the original is generated by random selection with replacement from within the original data, for 1000 iterations. 
Fig. 3.
Relative frequencies of the 36 most abundant diatoms in the 61 study lakes. The sites are arranged by order of downward-increasing measured summer lake water temperature, whereas the taxa are presented in order of decreasing WA water temperature optima (Table 1) .
Fig. 3 (concluded).
Results
General floristic description
A total of 234 diatom taxa were identified, representing 48 genera. Of these, 107 taxa from 32 genera have relative frequencies >1% in at least three samples, and only these were retained for numerical analysis. The complete taxonomic inventory with authorities is presented elsewhere (Joynt 1999) . A maximum of 65 taxa were recorded in any one lake (Lake 21); the fewest taxa identified were 12 (Lake 10). Relative frequencies of the 36 most common diatom taxa, defined as having effective occurrence values (Hill's N2) >15, are illustrated in Fig. 3 . The diatom flora is typical of dilute, acid-sensitive lakes of the northern Canadian Shield (Clark et al. 1989; Grönlund et al. 1990 ) but differs markedly from the floras of shallow polar ponds (Douglas and Smol 1993) . Although planktonic diatom diversity is low (limited to several species of Aulacoseira and Cyclotella), planktonic forms are present at every site. In fact, Aulacoseira distans, A. perglabra, and A. lirata are consistently well represented in the modern samples (Fig. 3) . Nonetheless, the benthic flora has far greater taxonomic richness, and this likely reflects a combination of deep light penetration, diverse habitats for periphytic growth forms, and the brevity of the open-water season available for phytoplankton growth (Lotter and Bigler 2000) . The benthic flora is primarily dominated by small Achnanthes species (A. altaica, A. helvetica, A. helvetica var. minor, A. kriegeri, A levanderi, A. marginulata, A. minutissima, and A. pusilla) , Pinnularia biceps, as well as several small fragilarioid diatoms (Fragilariaforma virescens, Stauroforma exiguiformis, and Staurosira construens var. venter).
Ordination experiments
The PCA of the environmental data is illustrated by a correlation biplot (Fig. 4) , where arrows represent the environmental variables and the angles between their respective vectors reflect the varying degree of collinearity between them. The arrows point towards increasing values of a given parameter, whereas arrow length corresponds to the length of the environmental gradient. The first two PCA axes accounted for 59.0% of the variation within this data, with eigenvalues of Lat, latitude; Long, longitude; El, elevation; Z m , maximum water depth; A l , lake surface area; A ws , catchment area; pH, lake water pH; Cond, conductivity; Tr, transmissivity; T w , summer lake water temperature; T (a, Jan, Jul) , mean air temperature (annual, January, July); P (a, Jan, Jul) , precipitation (annual, January, July). Symbols are used to differentiate lakes from the different ecological zones as follows:
High Arctic (open squares), transitional mid-Arctic (gray circles), and low Arctic (solid diamonds).
gridded climatic data (Fig. 2) . The summer water temperature gradient is opposite to those of maximum depth, lake surface area, and elevation. This implies that lakes that are shallower, smaller, and at lower elevations attain the greatest summer temperatures, regardless of their latitude. Furthermore, the similarity between gradients of summer water temperature and conductivity implies that the warmer lakes undergo measurable evaporative solute enrichment during summer. The gradient of lake water pH combines the influences of ionic strength and temperature as well as longitude, which act as a surrogate for the westerly increase in the amount of carbonate in glacial drift.
The first two axes of the DCA performed on the diatom relative frequency data have eigenvalues of 0.58 and 0.30, respectively, representing 13.5 and 7.0% of the variance within the diatom relative frequency data. This translates to gradient lengths, in standard deviation units, of 4.41 for axis 1 and 2.56 for axis 2. For gradient lengths exceeding 2.0 standard deviation units, the data are best accommodated by unimodal response models, for which DCA and CCA are the most appropriate techniques (ter Braak and Prentice 1988). The relatively low percentage of variance explained by the first two DCA axes (20.5%) is not unusual for data characterized by a large number of taxa (107) and many zero entries (Birks 1995) . Of equal importance to the proportions of variance explained by the first two axes is the overall stability of the ordination result itself, as indicated by the low value of the third axis eigenvalue (l 3 = 0.19) relative to those of the first (l 1 = 0.58) and second (l 2 = 0.30) axes (ter Braak 1987) . Furthermore, the DCA results are ecologically interpretable. For example, axis 1 scores for the 36 most abundant taxa (Fig. 5a) show a clear separation between alkaliphilous and acidophilous taxa, as documented by studies of similar floras addressing diatom-pH relationships explicitly . In turn, DCA axis 1 site scores and measured pH are significantly correlated for the 61 sites (r 2 = 0.67, p < 0.001). This attests to the universality of pH as a primary control over the composition of diatom floras in dilute lakes (Battarbee et al. 1999) . The ecological coherence of the 61 Baffin Island diatom assemblages is confirmed by the fact that DCA identifies the primary ecological gradient (pH) in the absence of any a priori ecological assignments to the individual taxa. However, because the DCA results appear more intimately related to limnological rather than climatic factors, there is no clear separation of lakes from the three climatic zones in the joint plot of site scores along the first two DCA axes (Fig. 5b) . To summarize the results of the indirect ordinations of the environmental (PCA) and diatom (DCA) data sets, it is apparent that both have internally coherent and interpretable structures; this raises confidence in the ability to derive meaningful inference models from the two sets of data when combined.
The preliminary CCA ordination constrained the 61 diatom assemblages to all 16 limnological and climatic variables. The first two axes collectively explain 14.1% of the variance in the diatom assemblage data (l 1 = 0.43 (10.1%), l 2 = 0.17 (4.0%)). The species-environment correlation was 0.88 for CCA axis 1 and 0.79 for CCA axis 2, which translates to a total of 41.8% of the diatom-environment relationship being explained (30.2 and 11.6% for each of axes 1 and 2, respectively). This demonstrates a strong relationship between the diatom assemblages and measured environmental and climatic parameters. Unrestricted Monte Carlo permutation tests performed on these two axes show both to be statistically significant (p < 0.01).
Using forward selection and further unrestricted permuta- Table 1 . Information for the sites is given in the Appendix. See Fig. 4 Note: The number of occurrences (Occ.) and Hill's N2 index are also included. The 36 most frequent taxa for which the raw relative frequency data are shown in Fig. 3 are boldfaced. active variables in a second CCA, these four parameters account for 77.4% of the total variance in the diatomenvironment relationship. No other individual variables explained significant additional proportions of variance within the diatom assemblage data. The CCA results are displayed to show the environmental gradients as well as the positions of the 107 taxa and the 61 lakes on the first two ordination axes (Fig. 6) . The position of each taxon on the biplot is an approximation of its WA optimum relative to the other taxa. For example, taxa that commonly occur in high-pH and high-conductivity lakes are located on the positive (right) side of axis 1, whereas taxa associated with low-pH and more dilute waters are situated on the negative (left) side. Axis 2 is more strongly influenced by water and air tempera-tures, but a counterintuitive situation arises in which the gradients for annual air temperature and summer water temperature are almost opposite to each other (Fig. 6 ). This implies that measured summer water temperature is anticorrelated with the mean annual temperatures interpolated to each lake site. In reality, the water temperatures are unrelated to the gridded climatological data (temperature and precipitation), as shown by the orthogonal position of water temperature relative to these factors in the environmental PCA (Fig. 4) . Physically, water temperature is dictated by lake radiation balance, which is sensitive to a variety of catchment-scale factors aside from ambient air temperature (Livingstone and Lotter 1998) . This raises a certain amount of suspicion regarding the applicability for inference model development of air temperature data interpolated from a 25-km grid, despite the statistical significance borne out of the CCA. This suspicion is further supported by the fact that mean annual air temperature emerged as significant in the CCA, whereas July air temperature did not. The measured lake temperature values are clearly more strongly influenced by local edaphic factors, which may include shading, aspect, and ice cover (Lotter and Bigler 2000) , as well as morphometric characteristics such as depth and area (Fig. 4) . These local effects are well captured by the measured water temperature values but not by the interpolated air temperature data.
WA inference models
WA regression and calibration was undertaken for each of the four statistically significant environmental variables. When calibration is performed on the assemblages from the modern sediment samples, diatom-predicted values compare well with the actual measurements from the 61-lake network (Fig. 7) . Importantly, the lack of any significant trends in the residuals suggests that simple WA with classical deshrinking is entirely appropriate for this data, as suggested by several other recent studies Gregory-Eaves et al. 1999) . WA optima and tolerances for each of the 107 diatom taxa included in the training set are presented for the four significant environmental variables (Table 1) .
Since the ultimate objective of this study is to develop a diatom-based inference model that is interpretable in paleoclimatic terms, and given the problems identified above concerning the applicability of the mean annual air temperature model, summer lake water temperature was the variable retained for additional study. The choice of this variable is further justified for the following reasons. Firstly, the primary data are measured and not interpolated. Secondly, summer water temperature captures the immediate environment in which diatoms grow as well as the timing of greatest production. Thirdly, summer water temperature has been shown to correspond linearly to locally measured air temperatures (Livingstone et al. 1999) , despite the failure of July air temperature to emerge as significant in the present study. Finally, the independent paleoclimate proxies with which diatom-based inferences can be compared also reflect ice-free summer conditions. The summer water temperature optima and tolerances for all 107 taxa are shown in Fig. 8 . This representation illustrates a great degree of continuity within the biological expression of the summer water temperature gradient, especially between 4.5 and 8.5°C. Although WA calibration enables extrapolation beyond the ranges of either species optima (3.6-10.1°C) or the site measurements them- Fig. 9 . Stratigraphy of dominant diatoms from the Fog Lake gravity core. The WA summer water temperature optimum is in parentheses next to each taxon. Numbers to the right are corrected and calibrated AMS 14 C dates in years before present.
selves (2.3-10.9°C), down-core reconstructions should be viewed with extreme caution in such cases.
Application to lake paleotemperature reconstruction
The summer surface water temperature inference model was applied to the 69 fossil assemblages from the Fog Lake gravity core, representing approximately 5000 years of continuous sediment deposition. The diatom stratigraphy is highly variable (Fig. 9) , with alternating periods of dominance by A. distans and S. exiguiformis. The interval between 13.0 and 1.5 cm in the core preserves conspicuous increases in eunotioid taxa (Eunotia vanheurkii, E. rhomboidea, and Peronia fibula) . Because these are strongly acidophilous taxa , their increased representation suggests a marked lowering of lake water pH during this period of deposition. The upper 1.5 cm of the core also reveal rapid Fig. 10 . Diatom-inferred summer lake water temperatures from the Fog Lake gravity core. The AMS 14 C age model in Fig. 10a has been used to convert depth to time in Figs. 10b and 10d . Water paleotemperature data are shown in relation to several independent regional paleoclimate proxies, including (c) pollen-derived summer temperature anomalies (Andrews et al. 1981) , (e) spring air temperature from southern Baffin Island inferred from varve thicknesses (Hughen et al. 2000) , and the (f) Overpeck et al. (1997) decadal record of circum-Arctic summer temperature anomalies. changes within the diatom flora: Nitzschia perminuta, which had previously been represented only in trace frequencies, increases to between 5 and 10% of assemblages, and S. exiguiformis also increases rapidly. Furthermore, S. construens var. venter disappears in the uppermost sediments. Although much of this detailed stratigraphic structure has only been revealed through contiguous, high-resolution analyses, it nonetheless remains problematic in terms of traditional qualitative interpretation, especially in terms of underlying paleoclimatic significance.
Reconstructed summer water temperatures have been plotted against time using the age model derived from AMS 14 C dating (Figs. 10a and 10b) . Between 4800 and 2500 years before present, lake water temperature decreased gradually from a maximum of 8.2 to about 6.5°C. This reflects the lake temperature response to progressive regional cooling during the late Holocene, or Neoglaciation, as registered by multiple episodes of glacial advance on Baffin Island (Davis 1985) . Accelerated lake water cooling ensued, with minimum reconstructed temperatures averaging 4°C attained between 1500 and 500 years before present. The initiation of this trend is also recorded by nearshore marine mollusc assemblages: faunas of arctic affinity migrated southward along the east coast of Baffin Island, eventually crossing the north coast of Cumberland Peninsula sometime after 3000 years before present (Dyke et al. 1996) . These faunal migrations are associated with enhanced inputs of polar water masses emanating from the Queen Elizabeth Islands into Baffin Bay, possibly in response to a westward diversion of the Transpolar Drift. The effects of this oceanic reorganization are manifested in other terrestrial paleoenvironmental records, including the pollen record of Labrador, Keewatin, and Baffin Island (Andrews et al. 1981) . Both the resemblance of the Fog Lake water temperature reconstruction to synthetic quantitative pollen inferences (Fig. 10c) and its coherence with Dyke et al.'s (1996) paleoceanographic scenario are striking.
Although the temporal resolution of the Fog Lake diatom record is somewhat compromised by extremely low sediment accumulation rates, the last 500 years are represented by the nine uppermost samples (Fig. 10d) . Again, there is close correspondence between the Fog Lake water temperature reconstruction over this interval and the trends reconstructed at annual resolution from southern Baffin Island varve thicknesses (Fig. 10e) (Hughen et al. 2000) as well as those revealed by the decadal integration of multiple summer paleoclimate records, including both physically and biologically based proxies (Fig. 10f) (Overpeck et al. 1997) . Summer water temperatures at Fog Lake appear to have increased by at least 1.5°C since the end of the Little Ice Age (Fig. 10d) , which terminated the Neoglacial on Baffin Island. Although this warming trend was naturally initiated, at least some portion of twentieth century warming has been influenced by anthropogenic factors such as enhanced greenhouse gas emissions (Overpeck et al. 1997) . The preliminary data suggest that the diatom record is fully capable of identifying such changes, whether causally related to natural variability or to human modification of the climate system.
In conclusion, a series of quantitative paleolimnological inference models have been developed from the modern diatom floras preserved in surface sediments from 61 Baffin Island lakes. These data complement similar efforts from the western Canadian Arctic (Pienitz et al. 1995) and northern Fennoscandia (Weckström et al. 1997; Rosén et al. 2000) . However, this is the first training set developed for lakes situated entirely north of the tree line, thus extending the applicability of diatoms for paleotemperature reconstructions well into the Arctic tundra biome.
When applied down core, the summer water temperature inference model provides compelling similarities to independently constrained paleoclimate reconstructions, thereby attesting to the great promise of freshwater diatoms for paleoclimatic assessments in the eastern Canadian Arctic. The dense spatial distribution of lakes on Baffin Island implies an enormous potential for assembling regional quantitative climate reconstructions for this region based on fossil diatom stratigraphies. Furthermore, the fossil record of Baffin Island includes sites that escaped glacial modification during the late Pleistocene, so that the new inference models may be applied to sedimentary sequences as long as 90 000 years (Wolfe et al. 2000) .
Although diatom communities may not necessarily express direct physiological responses to water temperature, climate clearly modulates indirect effects on the lake system that are registered by the diatom flora. Although the lakes considered in the present study are characterized by short algal growing seasons, intense lake ice regimes with regards to both thickness and duration, and low nutrient status, significant climatic and limnological controls over the composition of modern sediment diatom assemblages can be quantified using modern multivariate techniques. This result should stimulate further study of the rich fossil diatom record from Baffin Island, both at higher stratigraphic resolutions and over longer periods of recent earth history. 
